Ultrasonic velocities were measured on a stack of synthetic material (plexiglass), at low (90/120 kHz, long wavelength range) and high (480 kHz, short wavelength range) frequencies. Plates were pressed together with uniaxial normal stress. These measurements were repeated under different uniaxial pressures for two cases: 1-Without circular rubber inclusions between synthetic fractures and 2-With circular rubber inclusions between fractures. Calculation of anisotropy parameters and also normal and shear interface (fracture) compliances using linear calculus show reasonable variations. Anisotropy and compliances decreases as overburden pressure increases suggesting that anisotropy is caused by compliances. At higher frequencies, synthetic fractures seem to be stiffer than at lower frequencies. For the long and short wavelength ranges, similar variations were observed for anisotropy parameters and fracture compliances.
Introduction
A key step in the seismic modeling of fractured media is the choice of fracture compliance values. Laboratory and field measurements of individual fracture compliance are extremely scarce; therefore values are usually chosen based on theoretical arguments and are always highly speculative. However, the theoretical arguments seem to yield estimates which are in rough accord with field data. Given the idealizations that are necessary, of particular interest in these studies is the ratio of compliances, B N / B T . The use of normal and shear fracture compliances for fracture characterization using surface seismic data is described in Eftekharifar and Sayers (2011a,b) and Far (2011) .
Consider the case of an open circular crack modeled as an oblate spheroid with radius a and vanishingly small aspect ratio in a homogeneous isotropic background medium with Poisson's ratio ν and Young's modulus E. In the long-wavelength limit, in which the size of the cracks are assumed to be small compared to the wavelength, the specific normal and shear compliance are given by (Sayers and Kachanov, 1995) : 
Asperity deformation models based on Hertz-Mindlin theory are usually used for modeling of normal and shear compliances of the fractures. Xu and King (1992) showed that asperity deformation is usually two orders of magnitude lower than the deformation of the void space between two fracture faces. This is consistent with Nagy's (1992) model which is based on the volumetric nature of the asperities entrapped between rough surfaces (Sayers, 2010) . Baik and Thompson (1984) 
where υ is the isotropic background medium's Poisson's ratio, N is the number density of the ellipsoidal voids, σ 33 is applied stress acting in the x 3 direction and ε 11 T and ε 33 T are the equivalent inclusion strains obtained by Baik and Thompson (1984) using the solution of Eshelby (1957) . It is assumed in the derivation of the above equation that interactions between voids can be neglected (Sayers, 2010) . Nagy (1992) Worthington (2008) collected the recent published measurements of fracture compliances ( Figure 1 and Table 1 ). The horizontal axis values in Figure 1 are only order-of-magnitude estimates of the average length of the fractures in each experiment. The Figure indicates that compliance increases with fracture size. However, all that can be said with confidence is that values obtained from the log data and small-scale cross-hole experiments (points 3, 4, and 5) are approximately an order of magnitude larger than the laboratory data (points 1 and 2) (Worthington, 2008) . There are no normal compliance estimates for fractures with lengths from a few meters to tens of meters. Experimental data therefore, provide little guidance on how fracture compliance might vary over the range of fracture sizes that are likely to have a significant influence on reservoir permeability. Point 6 is an estimate of shear compliance of a major fracture zone in the Southern North Sea (Worthington, 2008) . Compliance measurements of the experimental data obtained in the present work, as will be shown later, are indicated by the red (with rubber inclusion) and green (without rubber inclusions) bars. Note that the direction of arrows shows the compliance variations as pressure increases from 3 MPa to about 14 MPa (tip of arrow). 
Experimental Fracture Compliance Data

Theoretical Background
Consider an isotropic medium with parallel linear slip interfaces. A linear slip interface is defined as a model of long fractures (i.e., fracture length much greater than wavelength) for which it is assumed that the displacement discontinuity vector across the interface is a linear function of the stress traction vector on the interface (e.g., Schoenberg, 1980) . If there is rotational symmetry around normal to horizontal fractures (x 3 ), one can write (Schoenberg, Following Schoenberg and Douma (1983) , the five independent elastic moduli of the TI medium that is equivalent, in the long wavelength limit, to an isotropic background in which is embedded a set of long and high parallel fractures that behave as linear slip interfaces (Hsu and Schoenberg, 1993) . Fracture parameters used to describe this TI medium are the total tangential It follows from linear calculus of finely layered media (Schoenberg and Muir, 1989; Hsu and Schoenberg, 1993 ) that normalized dimensionless shear and normal compliances can be obtained from:
where E T and E N are non-negative dimensionless fracture compliances that express the ratios of compliance in the fractures to the corresponding compliance in the unfractured medium. / , / , / , / ,
the vertical and horizontal measurements of shear and compressional velocities can be used to compute normal and shear compliances (after correcting for misprints in Hsu and Schoenberg, 1993) : 
Lab Measurements without Rubber Inclusions (480 kHz)
Figures 10 to 16 show measurement results with 480 kHz frequencies, without rubber inclusions. Wavelengths for this frequency do not satisfy the assumption of having an effective medium (for V S1 and V S2 ). 
Lab Measurements with Rubber Inclusions
In order to investigate the effect of inclusions on wave propagation and also compliances experiments were repeated by placing circular rubber inclusions between plates, simulating soft asperities. Figure 17 shows the block with inclusions before applying any pressure. Since the model was not as stable as the case without inclusions, maximum pressure applied on the model was 13 MPa in this case. Figure 18 shows the change in diameter of inclusions under no pressure and maximum pressure. Figure 19 shows inclusion diameters as a function of pressure. 
Conclusions
V S measurements in different directions show that for the case without rubber inclusions we have a good approximation of VTI medium whereas for the case with inclusions there is a significant difference between V S travelling in Z direction ( Figure 2 ) and V S travelling in Y direction with polarization perpendicular to the bedding (plates). This could be due to the coupling of the normal and shear compliances (see for example Bakulin et al., 2000) where one set of aligned and so-called micro-corrugated fractures can lead to monoclinic symmetry. Thus, although compliance values computed using linear calculations for VTI media yield reasonable values, these calculations for VTI media may not be applicable for the case with rubber inclusions.
Anisotropy parameters decrease with increasing pressure as expected. Compliance values computed with low frequency (90/120 kHz) measurements are higher than those computed with high frequency (480 kHz) measurements (Figures 34 and 35 ). This is because of the longer wavelength of the low frequency waves which experience more planes of weakness (plates) as the wave propagates.
Ratios of normal to shear compliances show a general decrease with increasing pressure. 
